In the search for a satisfactory method of assessing depth of anaesthesia in a paralysed patient, the electroencephalogram (EEG) has been shown to display characteristic patterns and trends with increasing pharmacologically-induced cerebral depression. The Cerebral Function Monitor (CFM) provides selective information about moment-tomoment changes in cerebral electrical activity, chiefly in the form of the processed EEG amplitude. Ease of interpretation of the CFM signal in relation to gross changes in cerebral activity, and the simultaneous demonstration of artefact when interference arises are characteristics of this instrument which favour the application under discussion. Clinical studies have shown a relationship between changes in the CFM trace and depth of anaesthesia (Dubois et al., 1978) and significant correlations were obtained between the amplitude signal of the CFM and plasma concentrations of i.v. anaesthetic agents (Frank et al., 1982) . However, this correlation was limited to measurements obtained during moderate and deep anaesthesia. During light anaesthesia, the trend of the signal appeared ambiguous and represented either awakening or deepening anaesthesia; this impression was supported by a poor correlation with plasma drug concentrations at this level.
The recently developed cerebral function analysing monitor or CFAM (Health Care Developments Ltd, Stevenage), in addition to representing EEG amplitude, incorporates on-line information about the frequency content of the EEG (Sebel et al., 1983) . We studied the CFAM changes and relationships with plasma drug concentrations during regular i.v. bolus injections of thiopentone using an experimental model similar to that in a previous study with the CFM (Frank et al., 1982) , in order to examine the usefulness of the additional information and to establish whether it provided a better indication of anaesthetic trend in light anaesthesia.
PATIENTS AND METHODS
Approval for the study was obtained from the ethics committee. Seven healthy patients (four male) between the ages of 18 and 2 5 yr who were admitted for elective dental surgery and had given their informed consent, were studied. Premedication consisted of papaveretum and hyoscine, and the patients were brought to the anaesthetic induction room about 30min before surgery was due to commence. Biparietal and a frontal reference platinum needle electrodes were inserted and connected to the CFAM. The dorsalis pedis artery was cannulated and attached to a pressure transducer and a chart recorder, and served as sampling site. An antecubital vein was cannulated and connected to a syringe infusion pump containing thiopentone.
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A CFAM trace was obtained while the patient was awake, and then anaesthesia was induced with thiopentone 5mgkg~' over 10 s. Further injections of thiopentone 3 mgkg" 1 over 6 s were given every 3min. Three arterial samples were collected after each bolus: at 40 s when the CFAM trace suggested maximum anaesthesia, at 90 s and at 165 s at the time of maximum recovery, just before the next injection.
The study was conducted before operation, and the patients breathed oxygen through a Magill circuit. During the study, arterial pressure was monitored and measurements of arterial carbon dioxide obtained.
Plasma concentrations of thiopentone were determined by gas-liquid chromatography using a modification of the method described by Flanagan and Withers (1972) , utilising a nitrogen flame ionization detector. The within-day and day-to-day coefficients of variation of these assays were 6.6% and 5%, respectively. The unbound fraction of thiopentone was determined by equilibrium dialysis (Dianorm) using 14 C-thiopentone for 3 h at 37 °C.
The CFAM analyses the EEG, in successive 2-s epochs, into a logarithmic representation of the weighted amplitude distribution and into the percentage activity of each of the traditional EEG frequency bands. The mean, 10th and 90th centiles of EEG amplitude are displayed, and the EEG frequency bands are shown as beta, alpha, theta, delta and very low frequencies (VLF). Periods of suppression are also noted. Muscle activity at the scalp electrodes and electrode impedance are recorded to indicate artefact. The times and duration of each injection and blood sampling in our study were recorded with the event marker. All the information was transmitted to a digital cassette recorder for later off-line computer analysis.
Correlations were calculated between plasma free thiopentone concentrations and the mean of the 2-s epoch values of various components of the CFAM data at the time of each respective arterial blood sample collection. Those values which were contaminated with artefact as indicated by transient changes in impedance were excluded. The steep increase of amplitude after the first two bolus injections of thiopentone was followed by a decrease which became marked after the fifth and sixth boluses, when burst suppression activity was seen. In the frequency section, percentage beta activity was marked during the recovery after the first injection. Theta and delta activity increased as more increments were given. Transient rhangir in electrode impedance are in evidence. Two-second epoch values contaminated with artefact were excluded from the calculations.
RESULTS
During the study, no hypotensivc episode occurred in any patient and all estimations of PacOj fell within the range 5-7 kPa.
CFAM related to injection of thiopentone
Two CFAM traces typical of those obtained in all patients are shown (figs 1,2) .
Following the first injection of thiopentone, there was a steep increase in amplitude from the awake value, followed by a reduction. The next injection was followed by a second, but smaller, increase in amplitude, similar to the induction peak. After subsequent boluses, the trace progressively attained lower values followed by decreasing recovery until it became a broad band resting on or near the baseline, representing burst suppression activity.
In the frequency section, the percentage beta activity became prominent during the recovery from the first injection and appeared again towards the end of the second and third 3-min cycles in diminishing percentage values. Alpha band activity did not show any obvious relationship to the thiopen- tone injections. The percentage tbeta and delta activity, in contrast to the beta, increased in the early part of each cycle, and became progressively higher with subsequent injections. Very low frequencies appeared after the fifth injection and periods of suppression were indicated following the sixth bolus. Thus, in the frequency section, marked beta activity was associated with recovery and there was a general trend to move from the higher frequencies to the lower ones as anaesthesia increased.
CFAM related to thiopentone concentration
Total and free thiopentone concentrations at 40, 90 and 165 s after each bolus showed a consistent pattern, a typical example of which is shown in figure 3 . A relationship between changes in the CFAM signal and plasma free thiopentone concentration was evident (fig. 4) . Those samples collected 40 s after each bolus contained high concentrations of free thiopentone and these peaks coincided with the lower values of the CFAM amplitude trace in each cycle, showing an obvious inverse relationship except in the cycle following the first injection. The samples collected at 90s and 165s following each bolus yielded much lower concentrations of free thiopentone and, excluding the first two cycles, were associated with an increase in the amplitude of the trace, in keeping with the recovery phase of each cycle. The correlation between free thiopentone concentration and mean amplitude for all patients, excluding the values found in the first two cycles, was -0.78 (P<0.001).
In the frequency section, percentage beta activity appeared to be inversely related to the thiopentone values, while the theta and delta percentages tended to increase with thiopentone concentrations, and these relationships were consistent from the first injection on. The correlations between the log of plasma free thiopentone concentrations and the delta and the inverse of beta percentages, using all values obtained from each patient, were calculated (table I). They ranged from 0.71 to 0.86 with the percent delta activity, and from 0.70 to 0.90 with the inverse of beta (P<0.05-<0.001). In figure 5 , relationships between the log of plasma free thiopentone concentration and the inverse beta and the delta percentage values for all patients combined have been examined, with those for the 40-s, 90-s and 165-s samples plotted separately. The greatest variation was found at 40 s after injection, for inverse beta percentage, r= 0.65 (P< 0.001), and for delta, r = 0.44 (P<0.01). The highest correlations were found at 90s for inverse beta, r=0.88 (P<0.001) and for delta, r = 0.80 (P<0.001). DISCUSSION A good correlation between plasma free thiopentone concentrations and the mean of the amplitude trace of the CFAM was found when the values obtained after the first and second bolus injections were excluded. This confirmed similar findings in a study using the CFM (Frank et al., 1982) . The lack of correlation between CFAM or CFM amplitude and plasma drug concentrations in light, thiopentone anaesthesia was probably associated with an ambiguity of the movement of the signal following the first and second injections, when the downward trend from the initial peak of induction was likely to be associated with a return towards the awake trace rather than increasing anaesthesia. A "reinductdon" peak which followed the subsequent bolus injection supported this contention. After the first two bolus injections, further injections of thiopentone were associated with only decreases in CFAM amplitude.
The EEG frequencies represented in the CFAM as percentage of total activity showed changes particularly in the beta and delta frequency bands, which were found to correlate well with free thiopentone concentrations throughout, including values obtained after the first and second injections. The best relationships were found when the log of free thiopentone concentrations was correlated with the inverse of percentage of beta activity, and with the percentage of delta activity. Therefore, after the first injection, when the amplitude trend was the reverse of that found later, the marked increase of percentage beta activity and disappearance of delta (and theta) may be interpreted as indicating impending return to consciousness.
The changing relationships between circulating plasma concentrations of drugs and the CFAM are also in accord with the results obtained with the earlier investigation using the CFM (Frank et al., 1982) . In both studies, the correlations were poor at 30 and 40 s respectively, following the injections. Evidence presented in the earlier study suggested that, after this interval, the bolus of thiopentone is not yet well mixed in the circulation, and that the thiopentone concentration in the arterial sample does not simultaneously match the concentration reaching the brain. The best correlations across subjects in the present study were found at 90 s after injection.
The results in this study suggest that thiopentoneinduced cerebral electrical depression is represented in the CFAM trace by a characteristic pattern of amplitude and frequency changes which are easily recognized. This includes trends in light anaesthesia. Further investigations of the CFAM with other anaesthetic agents are needed to confirm its general practical application as a monitor of cerebral depression during anaesthesia. It may also prove a useful tool to study certain characteristics of drugs that act on the central nervous stystem.
